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Abstract 
A highly sensitive, simple and inexpensive Love-wave gas sensor based on surface functionalized nanoparticles has been 
developed. A thin film of amine-terminated iron oxide nanoparticles was successfully deposited onto the surface of Love-wave 
sensor to serve as a gas-sensing layer. A gas sensing test was carried out with N,N-dimetilformamide (DMF), which revealed that 
the Love wave sensor with surface functionalized nanoparticles has a wide concentration range with very high response, fast 
response–recovery time and stable repeatability. 
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1. Introduction 
The large ratio of surface area to volume is one of the most important properties for using nanomaterials in gas 
sensing applications. Previously, layers of nanoparticles have been used as sensing layers in surface acoustic wave 
(SAW) gas sensors and their high sensitivity to the gases has been demonstrated [1,2]. However, nanoparticle 
surface can be improved in order to obtain higher affinity with the gases, thus in this work surface-functionalized 
nanoparticles [3] are proposed as high efficiency sensing layers for SAW sensor. 
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2. Materials and Methods 
2.1. Love-wave device 
Our Love-wave sensor (Fig. 1) is based on a shear horizontal surface acoustic wave (SH-SAW) propagated on 
the ST-cut quartz. This wave, with a wavelength λ = 28 μm, is generated and detected by interdigital transducers 
(IDTs) with a 200 nm thickness aluminum layer deposited by RF sputtering. A double electrode structure is repeated 
75 times (N=75) to form each IDT. The spacing, center to center, between IDTs, Lcc, is 150 λ and the acoustic 
aperture, W, is 75 λ. Finally, the SH-SAW is guided in a film of SiO2 deposited by PECVD in order to obtain a 
Love-wave. The thickness of SiO2 was of about 3 µm, being the synchronous frequency 163 MHz.  
2.2. Sensitive layer 
Iron oxide nanoparticles (6.5 nm ± 3.0 nm) functionalized with oleic acid and 11-aminoundecanoic acid, 
resulting in amine-terminated iron oxides nanoparticles (Sigma-Aldrich 51238) and dispersed in water 2.5-3.5 wt%, 
were deposited on SiO2 layer by spin coating technique at a rate of 4500 rpm, as a second guiding layer and also 
performs the functions of sensing layer. Then a thermal treatment, at 100ºC and ambient atmosphere, for 1 hour 
using a hotplate was carried out in order to remove the water and increase the adherence of the surface-
functionalized nanoparticle layer. 
 
Fig. 1. 3D scheme representing Love-wave sensor and its geometrical parameters. 
2.3. Experimental setup 
The concentration of the DMF was calculated using Antoine’s Equation. The volatiles were extracted and diluted 
with synthetic air, controlled by a mass flow controller in order to provide the desired concentration. Volume of the 
samples was 5 ml. It was kept at constant temperature (4ºC) in a thermal bath for 30 minutes (headspace time) 
before being carried to the chamber. Airflow in the chamber was 100 ml/min and the exposition and purge times 
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were 5 minutes. The experiment control and data acquisition in real time were implemented with a PC by means of 
software made at home. Experimental setup is shown in Fig. 2. 
 
 
 
Fig. 2. Experimental setup used to measure different concentrations of DMF in real time. 
3. Results and discussions 
So far, the sensor has been tested with a range of DMF concentrations between 50 ppm and 90 ppm, which was 
the lowest range obtained by the gas generator used in this experiment (Fig. 2). The surface-functionalized 
nanoparticles (sensitive layer) interact with the chemical agent and consequently the wave propagation velocity 
decreases by the amount of mass, and therefore the frequency of the Love-wave Delay Line is used as controller of 
an oscillating device. 
Each concentration was measured twice, obtaining high and repetitive responses of the sensor (Fig. 3a). The 
sensor has a good linear correlation between the frequency shift and concentration as it is shown in Fig. 3b. 
Therefore, detection limit was calculated about 400 ppb, taking into account that the noise of the oscillator is below 
10Hz and therefore 30Hz is considered as minimum detectable change. 
a)                                                                                             b)     
Fig. 3. a) Real time response of the sensor for different concentrations of DMF and b) linear relation between frequency shift and the 
concentration for DMF. 
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4. Conclusions 
Sensitive layers of surface-functionalized nanoparticles have certain advantages over continuous films, such as 
the ease of preparation (deposition by spinning) and their increased sensitivity due to their high surface area. 
Therefore, good linearity, repeatability, reversibility, accuracy, fast response and high sensitivity have been achieved 
with the Love-wave sensor combined with surface-functionalized nanoparticles. 
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